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COMPARATIVE LABORATORY EVALUATION OF RESIN-GROUTED
ROOF BOLT ELEMENTS

By John R. Bartels ' and Deno M. Pappas '

ABSTRACT

In laboratory testing, the Bureau of Mines established criteria by
which common resin-grouted roof bolting systems can be evaluated and
compared. Ultimate strength and stiffness were determined for mnonten—
sioned full-column, point-anchor, tensioned full-column, and debondable
resin-grouted bolts, and for variations on full-column bolts. Bolt per-
formances were compared using the performance of the 3/4-in full-column
resin-grouted bolt as the standard. WNew and innovative systems can also
be qualitatively compared against this standard.

Since the medium into which a resin-grouted bolt is installed 1is one
of the most important parameters affecting bolt performance, various
host mediums were used in the testing: sandstone, concrete, simulated
coal, simulated shale, and plaster. Bolt performances expected in other
mediums can be inferred from the response patterns obtained in these

mediums.

Results indicate several functional differences among bolt types.
Where resistance to shear is important, point-anchor bolts may outper-
form nontensioned full-column bolts at a lower cost. In medium— to
soft-strength rock, tensioned full-column bolts perform best. Also,
varying the resin—-steel ratio seems to have little effect on the proper-
ties of a full-column bolt, when proper resin mixing is ensured.

Tcivil engineer, Pittsburgh Research Center, Bureau of Mines, Pittsburgh, PA.



INTRODUCTION

Resin-grouted roof bolts have been the
object of numerous investigations since
their introduction in the early 1960's.
However, the laboratory testing has never
covered a comprehensive range of bolt
properties as a function of wvaried rock
properties., The objective of the present
study was to determine the properties of
various bolts installed in a variety of
host mediums under laboratory conditions
and to produce a table of baseline values

that could be used to compare and eval-
uate vresin-grouted mine roof bolting
systems.

The bclting parameters chosen for this
study were those considered most useful
in selecting roof support. The bolt
properfies considered most wuseful for
comparative evaluation were ultimate
strength, as a measure of the maximum
load a bolt can carry without appreciable
loss of integrity, and stiffness, as a
measure of bolt system elasticity and
effectiveness in providing stress relief
of strata. (The modulus of elasticity

cannot be determined for these systems
since the effective area cannot be
defined.) The properties of the host
mediums into which the recin-grouted
MATERTALS AND

The host mediums, selected to cover a
range of rock properties, were sand-
stone, concrete, coal, shale, and plas-
ter. All of these sample mediums, with

the exception of sandstone, were quality-
controlled mixes (table 1). The prop-
erties of the simulated coal and shale
approximated those of the original mate-
rials. Concrete and plaster do not simu-
late a particular rock type, but their
properties do lie in the ranges of such
rocks as limestone or mudstone. The lab—
oratory production of sample mediums
results in uniform properties, assuring
consistent results not possible with
field samples, which permit a direct com-
parison of different bolt types installed

bolts were installed that were projected
to have the greatest influence on bolt
properties were shear strength, compres-
sive strength, tensile strength, and
hardness.

Tests were performed on four types of
resin-grouted bolts, as well as on a num-—
ber of modifications to the standard
full-column resin bolt. Bolting defi-
ciencies resulting from voids in the
resin column were also examined. Such
deficiencies could typically result from
carelessness during bolt installation or
separations in the bolted strata. Addi-
tionally, tests were made on varying the
resin-steel ratios of a full-column bolt
installation and using hollow steel cores
for full-column resin bolts, to determine
whether these systems would provide im-
proved or equal support at lower cost.

Bolt properties were determined for
both an axial tension loading and a hori-
zontal shear loading; these reproduce the

most common underground bolt loading
modes (1-4).2 All data were tabulated
into a matrix of properties (stiffness

and ultimate strength).

BOLTING SYSTEMS

in the same medium. The mediums ranged
from a very hard competent material to a
very soft incompetent material (table 2).
Although these mediums were not specifi-

cally designed to duplicate a set of un-
derground situations and test results
using these wmediums cannot be wused to

predict in-mine values, their diversity
provides a means of comparing bolt re-
sponses that will permit more rational
selection of the best bolt for a particu-—
lar rock type.

parentheses re-
of references

2ynderlined numbers in
fer to items 1in the list
preceding the appendix.



TABLE 1. - Host medium specifications

Specific Unit Volume
Components gravity weight, | ratios, Remarks
1b/ft3 | parts
Sandstone.scssccesoe 2.16 135 NAp Massillon, equivalent to Berea
sandstone in quality.
Concrete:
Satidsss s aenas e 2.66 166.0 3 Well-graded medium sand.
Cementessssosssoss 3.16 197.2 2 Poirtland type II, air entrained.
Watersesosesossvas 1.00 62.4 .75
Coal:
Crushed coale.cass 1.27 1942 10 From Bureau's Safety Research Mine,
Fly ashecoesesosss 1.86 116.0 8
Cementeseeeossanne 3.16 1972 1 Portland type II, air entrained.
Watersasesseannsns 1.00 62.4 1.5
Shale:
Crushed shale..... 2425 140.4 10 From Bureau's Safety Research Mine
Fly ashsase ssesess 1.86 116.0 5
Cementesesscsoasns 3.16 197:2 1 Portland type IIL, air entrained.
WALETEe onwnne seneen 1.00 62.4 1
Plaster:
Modeling plaster.. 2«57 160.4 1 Type IV (ASTM C-28).
Watereseesoooonnas 1.00 62.4 1 -

NAp Not applicable.

TABLE 2. — Host medium properties

Specific Strength, 1bf/in? Shore
gravity Compressive | Shear | Tensile | harduess
Sandstone..... 2.16 4,929 1,500 350 12
Concreteeessss 211 3,375 853 268 11
Coaleeesisvnna l.44 601 176 70 15
Shaleeessssnns 1.89 557 167 70 11
Plastereossess 1.76 751 _ 207 | 7.5 2
Four Dbolting eyeteme using vresin- 1. A standard full-column vres®in bolt
grouted bolts were tested. full column, consists of a 2—-ft by 3/4-in -diem rebav
point anchor, tensioned, debondable, aud and enough resin to completely fill a 1-
several modifications to the full-column in~diam hole. This is the most commonly
system. Faslok T3 vesin cartridges and used resin--grouted system. Thus, it 1is
grade 40 steel veinforcing bavs (vebar) used as the basis of comparison for all
(table 3) were wused in all the tests. other resiun-giouted systems.
The following are brief descriptions cf
each bolting system (fig. 1): 2. Two types of point—-ancho. 1iesiu
bolt systems were evaluated. These per-:

TAPLE 3.
pounds (force)

- Grade 40 rebar properties,

form

anchored system with a "near

a mechanically
perfect an-

the same function as

chor.,” One system consists of a 2-ft by

Bolt size, in Min yieid | Ultimate 3/4-in-diam rebar. threaded at one end,
load load which is 1installed in a l-in-diam hole

Bf0s smannssamns 12,400 21,700 with enough polyester resin to grout half
3/beeiiocssonss 17,600 30,800 (1 ft) of the bolted length. After the
rvesin sets, the bolt is torqued until the

3Reference to specific products does Strainsert bolt indicates 6,000 1bf of
not imply endorsement by the Bureau of tension (approximately 150 ftelbf). The

Mines-.
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FIGURE 1. - Resin bolting systems.

alternative system consists of a 1-1/4-
in-diam rebar anchor that 1is 1 ft in
length and is tapped to accept a threaded

5/8-in-diam high-strength steel rod of
the same length. This system is in-
stalled in a 1-1/2-in-diam hole with
enough polyester resin to completely

grout the rebar anchor (1 ft).

3. A tensioned resin bolt consists of
a 2-ft by 3/4-in-diam rebar grouted com-
pletely with polyester resins of differ-
ent setting times (1 and 5 min). The
fast-setting resin 1is placed at the far
end of the hole and the slow-setting res-
in at the front. After the 1-min resin
has set and before the 5-min resin gains
appreciable strength, the bolt is torqued
until 6,000 1bf of tension (approximately
150 ft+1bf) is indicated by a Stralnsert
bolt. Thus, the tensioned bolt combines

the mechanisms of both point-anchor and
full-column resin bolts.

4., A debondable resin bolt consists of
a smooth 2-ft by 3/4-in-diam steel bar
with a plug on the end (fig. 1), which is
completely grouted with polyester resin,
When the bolt is loaded, the steel-resin
interface breaks down and the plug at the
top of the bolt bears against the entire
column of resin (é:é).

5. Modifications to the full-column
resin-grouted system included--

a. Varying the resin-steel ratio,
which should be of benefit in very soft
material where no additional bolt
strength is required but failure occurs
in the shear mode at the rock-resin in-
terface. Increasing the hole size and



thus the shear area of the interface
would decrease this problem. Four
resin-steel ratios were selected as
modifications to the usual ratio
(0.777) of a full-column resin bolt:

Bolt, Hole, Resin-steel
in in ratio
3/4 1-3/8 2.36

3/4 1-1/2 3.00

5/8 1 1.56

5/8 1-3/8 3.84

b. Adding mixing paddles to the
test bolts, to prevent the problem of
improper mixing of the resin that oc—
curs whenever there is a greater than

3/8-in differential between the hole
size and bolt size (6-8). The mixing
paddles consisted of spots of weld ma-
terial located every 3 1in along the
length of the bolt. These paddles
would be necessary on any bolts 1in ac—
tual use and should be considered an
integral part of the bolt system.

c. Simulating bholt system defi-
clencies by adding modeling clay to the
resin matrix to produce voids, by re-
ducing the mixing time so that setting
of the resin was dincomplete, and by
hollowing out the bolt's center portion
to reduce the cross—sectional area of
the bolt,

SAMPLE PREPARATION

tests on resin bolts showed
significant factor in any bolt
installation is the type of material in
which the bolt is installed (4, 7, 9).
This necessitated testing in a variety of
host mediums representing a wide range of
roof rock properties, as discussed in the
previous section, Since time considera-
tions precluded testing all rock types,
representative types were chosen, from
which interpolations can be made. Tests
were first conducted in concrete; these
were used as a basis for comparing prop-
erties since concrete offers a consisten-
cy of properties among specimen samples
that is unobtainable with other mediums.
The remaining tests were performed in
plaster, shale, coal, and sandstone. The
coal and shale host mediums were simula-
tions (mixed according to table 1), since
the friable nature of the actual materi-
als made it impossible to obtain samples
of sufficient size or quality for the
test procedures.

Previous
that the

For the axial tension tests, the formu-
lated host medium samples were poured in
24—-in lengths of 10-in-ID PVC (polyvinyl
chloride) pipe. For shear testing, the
samples were poured in two identical sec-
tions consisting of 10-in-ID PVC pipe 12
in long. All samples were allowed to
cure for 28 days. The various types of
bolts were then installed (according to
the manufacturer's instructions) into the
host mediums. A time period of at least
7 days lapsed before testing began.

The sample size was selected based on
previous tests performed on resin bolts
4y 75 9)s In the previous tests it was
observed, and measured with strain
gauges, that failure =zones along the
rock-resin interface do not propagate
more than 4 in around the circumference
of the bolt or more than 8 in along the
length of the bolt from the point of load
application.



TESTING PROCEDURE

The axial tension test procedure was
initiated by placing a hollow 20-tcn
hydraulic ram and donut-shaped bearing
plates around the exposed portion of
the installed roof bolt. Tae roof bolt
was attached to a threaded coupler that
in turn was attached to a Strainsert
bolt to obtain exact tension readings
(figs. 2-3).

Tensioned and point—-anchor bolts were
then torqued until the Strainsert bolt
indicated 6,000 1bf of tension.4 Bolts
were loaded with the hydraulic ram and
displacement readings taken from two
LVDT's (linear voltage displacement
transducers) placed on either side of the
bolt bearing plate. Readings were taken
every 1,000 1bf as indicated by a 20,000-
1bf/in? pressure gauge, a pressure trans-—
ducer, and the Strainsert bolt. A data
acquisition system printed out all neces-—
sary information (fig. 4). All readings
were taken until failure. Failure was
considered to be either when the bolt
broke or when the bolt-resin-rock system
could no longer support the applied load
without appreciable displacement (at
about 0.1 in of deflection for 1,000 1bf
of increased load).

The testing procedure for the shear
tests consisted of snimming the bolt-
host rock system into a loading frame
incorporating a 30-ton  actuating ram
located as close to the interface of the
two block halves as possible (figs. 5:6).
An LVDT was placed on the side of the
top block opposite the ram. Tensioned
and point—anchor bolts were torqued to
approximately 150 ftelbf (6,000-1bf ten-
sion reading). Displacement and pressure
readings were taken for every 1,000 1bf
of loading (as indicated by a pressure
gauge and pressure transducer) until
failure (0.5 in of displacement or when
the test sample crushed).

47his is the minimum torque required by
the Mine Safety and Health Administration
(MSHA) and 1ig thus the most common
torque.

FIGURE 2. - Axial tension test setup.
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FIGURE 3. . Diagram of axial tension test setup.

TEST RESULTS

ultimate strength and and averaged (fig. 7). The ambiguous

stiffness are averages, usually of five portions of the curve were dropped
tests. Ultimate strength values corre- where system slack required 1,000 to
spond to the highest 1load obtained in 3,000 1bf of load to be taken up and
1,000-1bf 1increments before the bolt where the systems became totally plastic

could no longer

support the load. The for the last several 1,000-1bf increments

stiffness values were determined by cal- prior to bolt failure. Load-versus-—
culating the slope of the elastic portion displacement curves were, however, very

of

each 1load-versus—displacement curve linear throughout the middle range.



FIGURE 4. - Data acquisition system.

AXTAL TENSION TESTS

The first Dbattery of tests, to deter-
mine bolt properties resulting from axial
tension loads, was the most extensive
series. These tests, particularly the
initial concrete tests, were the indi-
cators of the feasibility of continuing
further tests. An overview of the test
results is given in table 4, and complete
results are listed in the appendix.

All of the tests on varying the resin-
steel ratio were conducted in a concrete
medium to establish the feasibility of
increasing the resin content of a full-:
column resin-grouted bolt installation.
Increasing the resin content did not ap-
preciably decrease the wultimate strength
of the bolt system and only slightly de-
creased the stiffness (when comparing
equivalent bolt diameters). These re-
sults indicate that it would be useful to
evaluate the possibility of increasing
bolt effectiveness by increasing the area
of rock-resin contact in soft rock (Shore
hardness less than 10) where failure con-
sistently occurred by shearing along the
rock-resin interface.

Tests of full-column resin bolts were
conducted in all five host mediums in
order to establish baseline properties in
each of the host mediums. Since full-
column resin—-grouted bolts are the most
commonly used resin—-grouted system under-—
ground, they were used as the standard
against which all other resin-grouted
systems were evaluated. Property values
were close to what would be expected
based on previous tests (4). Ultimate
strength and stiffness values were high
for the more competent host mediums and
decreased as the competence (compressive
strength and hardness) of the medium
decreased.

Two types of point—anchor resin bolt
systems were tested. The first system
used a standard grade 40 3/4-in rebar
threaded on the end. These bolts showed
the same pattern of decreasing strength
and stiffness with decreasing rock com
petence as did the full-column resin
bolts. However, the values of strength
and stiffness were much larger than would



TABLE 4., — Overview of axial tension test results

Test Size, in Medium Ultimate |Stiffness,| Elastic Fail-
Bolt! | Hole load, 1bf| 1bf/in |limit, 1bf| ure
Resin-steel ratio:?
l1e56cecceassscasansa| 5/8 1 Concrete..| 14,300 142,000 9,000 B
OsFTTswonnennnwonsns| A 1 eeedOacaes| 23,900 275,000 18,000 B
DoBbeesnsvwnnsinonss| L4 1=3/8 [ ¢swdOsvens| 224,300 231,000 18,000 B
3000 nmonssnnennnese| 374 1-1/2 | eeedOeesss| 24,900 202,000 11,000 B
3BhUcavonnsnssnnnann| B 1-3/8 | +eedOessss| 13,600 125,000 7,000 B-P
Full-column boltSes...| 3/4 1 Sandstone.| 23,100 298,000 19,000 B
3/4 1 Concrete..| 23,900 275,000 18,000 B
3/4 1 Coalessees| 22,300 214,000 19,000 B
3/4 1 Shale«esss| 17,300 159,000 12,000 P
3/4 1 Plaster... 9,400 57,000 9,000 P
Point—anchor bolts:
1-1/4-in-diam anchor| 3/4 | 1-1/2 | Sandstone.| 28,900 240,000 27,000 P
3/4 1-1/2 | Concrete..| 30,100 186,000 28,000 B-P
3/4 1-1/2 | Coalsss.ss| 18,200 134,000 17,000 B-P
3/4 1-1/2 | Shalessses 9,500 104,000 8,000 P
3/4 1-1/2 | Plaster... 7,000 45,900 6,000 P
3/4-in-diam anchor..| 3/4 |1 Sandstone.| 19,900 228,000 19,000 B
3/4 1 Concrete..| 21,100 171,000 16,000 B-P
3/4 1 Coaleessss| 20,700 154,000 19,000 B-P
3/4 1 Shales..os| 12,900 97,100 9,000 P
3/4 |1 Plasier...| 6,600 42,700 6,000 2
Tensioned full-column 3/4 1 Sandstone.| 20,300 227,000 19,000 B-P
bolts. 3/4 1 Concrete..| 19,900 224,000 19,000 B
3/4 1 Coalieesss| 19,900 147,000 18,000 B
3/4 1 Shalesssss| 19,900 187,000 18,000 P
3/4 1 Plaster...| 16,200 117,000 16,000 P
Anomalies:
Hollow boltesessssss| 3/4 1 Concrete..| 23,700 227,000 20,000 B
Yoldgsssssssswannsas| 3[4 1 eeedOeeses| 23,200 242,000 20,000 P
Debondable bolte.....| 3/4 1 oo od00 el 21,900 253,000 20,000 B-P
Reduced mixing time:
5-S MiXessosososoea| 3/4 1 issd0ssnes| 2045900 265,000 20,000 B
3= MiXesesmasnene| 3/ 1 e ol05 wwws| 19,900 239,000 20,000 B
2~8 MiXesanwsnenas| /4 1 sisi 000w 00 010 4,000 0 0 P

B Bolt broke.
P Bolt pulled out.

'Bolt diameter at point of failure is

actually 1/8 in smaller than

of threading the bolt to adapt to the test instrumentation.

2pull-column bolt.

stated because
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FIGURE 5. - Horizontal shear test setup.
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FIGURE 6. - Diagram of horizontal shear test setup.

a system with half the
grouted length of a standard full-column
resin bolt, This supports the premise
that the 1length of grout increases bolt
anchorage only up to a grouted length of
about 2 ft as indicated by previous work
(6, 9). This would indicate that, unless
the immediate support of the resin column
is required at points near the bottom of
a bolt installation, point-anchor resin
bolts would provide as much tensile sup-—
port as a full-column bolt at a lower
material cost.

be expected for

The second type of point--anchor resin
boit consisted of a 1-1/4-in rebar anchor
with a 5/8-in high-strength steel shank
threaded into it. Again, this bolting
system lost strength and stiffness in the

Threaded
ROOT bolt - roof bolt
ate = .
N Piate~, S| L—Host medium
10-in ID I "
ipe- i | —Resin
PVC pipe ‘ﬁﬁkﬂﬂf.ﬁ
Drnted HIE Linear voltage _
hole I displacement @
transducer -
To dct05
acquisition
|| system .
; @)
_
Y -
§
!
'o Ii
N =
d
g Y " 68 g L W B o o &5 - P
less competent rock. The strength and

stiffness values were not significantly
different from those of the 3/4-in point-
anchor bolt in the softer mediums. How-—
ever, they were considerably higher in
the high-strength mediums; the steel
strength was consistently higher than the
strength of the resin-rock interface, re-

sulting in sudden failure along this
interface.
Tensioned resin bolts exhibited the

nost consistent performance of any axial
tension loaded bolt. Ultimate strength
and stiffness values were uniformly high
in all of the mediums, with the exception
of plaster, where the values were still
higher than those of any other bolt type
tested. Apparently, the pretensioning of
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FIGURE 7. - Sample graph of five axial tension
tests conducted in sandstone host mediumwith full-
column resin bolt.

the resin column tends to consolidate the
rock-resin bond. This system shows the
best possibility of stabilizing a wide
range of rock types.

Testing of debondable bolts was discon-
tinued after the concrete series. These
bolts failed to perform as expected (5),
by never debonding along the resin-steel
interface. This was indicated by their
showing no difference in stiffness or ul-
timate strength from the standard full-
column resin bolt and by subsequent vis-—
ual inspection.

The tests on bolt system anomalies were
a testimonial to the ability of resin to
perform under a number of adverse condi-
tions. Hollowing of the bolts (reduc-
ing cross—-sectional area by 12 pct) had
no significant effect on the system
strength. Tests on voids created by mod-
eling clay (up to 20 pct of resin volume)
indicated that wunless the voids are of
considerable size or quantity there is no
adverse effect on the overall gystem
strength. Finally, resin mixing is in-
complete only when virtually no mixing at
all occurs, at less than 2 s of spinning
time under 1laboratory conditions (this
may vary under actual field conditions).

HORIZONTAL SHEAR TESTS

Because resistance to shear displace-
ment of bedded rock masses is one of the
primary advantages of a resin-grouted
roof bolt over a conventionally anchored
bolt, tests were conducted to determine
the shear resistance of the wvarious
resin-grouted systems. Failure was ar-
bitrarily set at 0.5 in of horizontal
displacement. The test medium usually
failed before reaching this displacement.
All failures for horizontal shear loading
were host medium failures rather than
bolt failures, because of the point load
exerted on the medium by the resin-
grouted bolt's resistance to movement.
An overview of the test results is given
in table 5, and complete results are
listed in the appendix.

Again, all tests on varying the resin-
steel ratio were conducted in a concrete

medium to establish the feasibility of
increasing the resin content in a full-
column resin bolt installation. As the

resin content was increased, there was a

decrease in the ultimate strength and
stiffness of the system. This decrease,
however, was not significant enough to

render the system unfeasible. The over-—
all wutility of bolt dinstallations with
increased resin contents in soft, friable
mine roofs will need further testing.
Ultimate strength and stiffness values
for full-column resin bolts in all five
host mediums established the baseline
values for shear-loaded bolts as they did
for axial tension loads. Test results
were as expected, with high strength and

stiffness values for the more competent
mediums and lower values for the less
competent mediums. The only exception
was the low ultimate strength value ob-

tained for sandstone. This low strength

value is due to the fact that sandstone
is more brittle than concrete and thus
would develop cracks at lower loads than
the more elastic concrete.

Tha only point--anchor bolts tested
in a horizontal shear mode were 3/4-
in rebar bolts. Increasing the shear
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TABLE 5. — Overview of horizontal shear test results
Test Size, in Medium Ultimate Stiffness, Elastic
Bolt | Hole load, 1bf 1bf/in limit, 1bf
Resin-steel ratio:'
1256sassnnssvsoseis 5/8 1 Concretesecses 8,900 30,200 6,000
Oslflesunwwiiovenis 3/4 1 seddOssavvann 15,100 131,000 12,000
2:36c000000s0000000 3/4 1-3/8 | «eedOeesenans 15,200 116,000 12,000
300 s wwmominnemees 3/4 1=1/2 | woedOuesemsnsn 13,300 80,400 9,000
3eB8bnwovnwanmurescn 5/8 1-3/8 | s ¢edOasswmons 9,600 12,300 8,000
Full-column boltS.... 3/4 1 Sandstone.... 13,100 146,000 10,000
3/4 1 Concretesssas 15,100 131,000 12,000
3/4 1 Coalesacsnass 10,100 50,900 8,000
3/4 1 Shalesessssss 8,200 39,900 7,000
3/4 1 | Plastercecss. 5,800 15,500 5,000
Point—anchor bolts, 3/4 1 Sandstone.... 15,500 179,000 10,000
3/4-in-diam anchor. 3/4 1 Concrete..... 15,900 120,000 14,000
3/4 1 Coaleissosvas 11,500 60,000 10,000
3/4 1 Shaleeeessses 10,100 55,500 8,000
3/4 |1 Plaster..sess 7,000 42,900 5,000
Tensioned full-column 3/4 1 Sandstone.... 14,700 137,000 13,000
bolts. 3/4 1 Concretessass 17,900 94,400 15,000
3/4 1 Coalecasssson 9,700 41,600 9,000
3/4 1 Shalesssosnin 8,700 27,300 8,000
3/4 1 Plaster.esesses 5,400 22,800 4,000
'Full-column bolt.
interface frictional force by tension in competent mediums (sandstone and con-
the bolt moderately increased the ulti- crete)., However, the ultimate strength
mate strength of this system over the values in the remaining mediums were es-—
strength of full-column bolts throughout sentially the same. These results may be
the range of host mediums. due to the intermixing of the fast-

Tensioned resin—-grouted bolts only
slightly outperformed full-column bolts
in a horizontal shear mode. There were
larger ultimate strength values for more

slow-setting resin
This would

setting resin and the
around their area of contact.
make it difficult to assure that the
shear interface wused in these tests was
within the bolt's tensioned zone.

SUMMARY AND CONCLUSIONS

It is hoped that the results presented
in this report will assist mine operators
in rationally selecting roof support sys-—

tems. The tables provide a convenient
means of comparing the various resin-
grouted roof bolt options as a function

of roof geology and competence. Select—
ing bolts better suited to the prevailing
conditions should reduce the necessity
for remedial support later. These tables

should also aid in the analysis of possi-
ble solutions to problems 1n remedial
support and isolated roof problems. Al-
though they do not cover the entire spec—
trum of possible roof lithology, it
should be possible to interpolate reason—
able estimates under most conditions.
These tables should also assist 1in pro-
viding baseline data for future theoreti-
cal work on resin-grouted bolting systems
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against which
compared and

and should provide a basis
new bolting concepts can be
evaluated.

These tests document that varying the
ratio of steel to resin has little effect
on the properties of bolts, when pro-
visions are made to ensure proper resin
mixing. The only difference is a slight
decrease 1in stiffness when higher per-
centages of resin are used, compared with
the standard installation, which would be
expected since the resin portion of the
system has a lower stiffness wvalue than
the steel.

Further laboratory and field tests are
necessary to document the feasibility of
increasing the hole size and thus the
shear area around the failure interface,
which could provide superior support in

soft, loose material where an increased
resin contact area should reduce bolt
failure. The strength loss, when the

hole size was increased, was smali for an

installation in a competent medium, but
the proposed strength increase in soft
mediums requires more testing to be ade-

quately confirmed.

These tests indicate possible in-mine
uses for the various resin—grouted bolt
types. Point-anchor bolts woula provide
as much support as standard full--column
bolts in most strata at a lower material
cost and should outperform full-column
bolts in instances of a laminated roof
where increased resistance to horizontal
shear is desired. Tensioned full--column
bolts would be the best selection for
soft, highly fractured strata where a
variety of loading conditions exist.
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TABLE A-1. - Axial tension test results: resin-steel ratio and recin
bolting systems

Strength-related properties Elastic
Size, in Medium |Ultimate |Failure| Ultimate load, 1bf|Stiffness, 1bf/in limit,!
Bolt |Hole load, 1ibf Average | Standard |Average | Standard 1bf

deviation deviation
RESIN-STEEL RATTIO
5/8 |1 Concrete. | 15,000 B
5/8 |1 esedOss..| 15,000 R 14,300 1,161 142,247 3,847 9,000
5/8 |1 eeed0eoso| 13,000 B
3/4 |1 eeedOesase| 23,885 B
3/4 |1 e0:d0esss| 24,895 B
3/4 |1 ss.0d0ewws | 23,885 B 23,887 711 274,732 8,815 18,000
3/4 |1 sssd0aasa | 23,885 B
3/4 |1 esed0aoas| 22,880 B
3/4 [1-3/8|..ed0ses.| 22,000 B }
3/4 |1-3/8|.0ed0ees.| 22,000 B 22,333 596 231,239 1,426 18,000
3/4 |1-3/8|eeed0es.s| 23,000 B
3/4 |1-1/2|+.sd0eess| 24,000 B
3/4 |1-1/2|e¢edO0aees| 25,905 B 24,933 953 202,079 8.041 11,000
3/4 |1-1/2]|eeed0eess| 24,895 B }
5/8 [1-3/8|esed0eess 11,000 B
5/8 [1-3/8|es.d0ees.| 15,000 B } 13.646 2.291 125,316 2,974 7,000
5/8 |1-3/8|eesd0sess| 14,937 P
FULL-COLUMN BOLTS

3/4 |1 Sandstone| 23,885 R
3/4 |1 wa sld0ewwm| 22,875 B
3/4 |1 es id0sanin| 225875 B 23,077 452 297,629 6,331 19,000
3/4 |1 eeslOasss| 22,875 B
3/4 |1 snedOueee| 22,875 B _
3/4 |1 Concrete.| 23,885 B
3/4 |1 oin o0 0 5me | 244,895 B
3/4 |1 ois 8000 0iee| 2345885 B 23,887 711 274,732 8,815 18,000
3/4 |1 eeedOoeas| 23,885 B
3/4 |1 eoedOasso| 22,880 B
3/4 |1 Codlaenwe| 21,937 B
3/4 |.1 seedOsewn| 215937 B
3/4 |1 sssd0suau| 22,875 B 22,312 514 214,307 12,327 19,000
3/4 |1 eesdOeass| 21,937 B
3/4 |1 soedOsswe| 22,875 B
3/4 |1 Shale....| 19,917 P
3/4 |1 eesdOeass| 14,937 p
3/4 |1 esedOeess| 18,906 P 17,319 2,290 159,285 10,554 12,000
3/4 |1 o sd0seme| 145937 P }
3/4 11 wvildOsasel 17,896 P

See explanatory notes at end of table:
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TABLE A-1. - Axial tension test results: resin-steel ratio and resin
bolting systems—-—Continued
Strength-related properties Elastic
Size, in Medium |Ultimate |Failure | Ultimate load, 1bf|Stiffness, 1bf/in |limit,'
Bolt|Hole load, 1bf Average | Standard |Average | Standard 1bf
deviation deviation
FULL-COLUMN BOLTS--Continued
3/4 11 Plaster.. 9,958 P
3/4 |1 vaodOe e 7,000 P
3/4 |1 eeedOsess| 10,968 P 9,366 1,503 56,982 4,996 9,000
3/4 |1 eeedOeans 8,948 P
3/4 |1 eesdOenes 9,958 P
POINT-ANCHOR BOLTS, 1-1/4-IN-DIAM ANCHOR
3/4 [1-1/2|Sandstone| 28,864 P
3/4 [1-1/2]¢..doees.| 28,864 P
3/4 |1-1/2]eeedoaess| 28,864 P 28,864 0 239,602 205223 27,000
3/4 |1-1/2|...dossss| 28,864 P
3/4 |1-1/2|...do....| 28,864 P
3/4 |1-1/2|Concrete.| 31,895 P
3/4 |1-1/2|eeedOeess| 31,895 B
3/4 |1-1/2|¢eedoess.| 28,864 P 30,076 1,660 185,553 24,208 28,000
3/4 |1-1/2|...d0ee..| 28,864 P
3/4 |1-1/2]...dosess| 28,864 P
3/4 |1-1/2|{Coalese..| 19,916 P
3/4 |1-1/2|e¢sd0eess| 17,896 P
3/4 |1-1/2| eeedOeees| 15,947 B 18,166 1,694 134,456 9,529 17,000
3/4 {1-1/2|eeedoeess| 18,906 P
3/4 |1-1/2| eeed0s e Void NAp
3/4 | 1-1/2|Shale....| 11,978 P
3/4 |1-1/2|essdoeene 9,958 P
3/4 | 1-1/2|.0edOsene Void NAp 9,471 2,074 104,429 16,688 8,000
3/4 |1-1/2 «.vdOeues 7,000 P
3/4 |1-1/2] e4.dOeeee 8,948 P
3/4 |1-1/2|Plaster.. 5,989 P
3/4 [1-1/2|eeedOeess 8,948 P .}
3/4 [ 1-1/2| e0edOeuses 6,979 P 7,000 1,21.) 45,906 12,205 6,000
3/4 |1-1/2]|+.0edOsses 5,989 P
3/4 | 1-1/2] eeedOeass 7,095 P
POINT-ANCHOR BOLTS, 3/4-IN-DIAM ANCHOR

3/4 |1 Sandstone| 19,917 B
3/4 |1 ensdOeons| 194917 B
3/4 |1 eeedOeass| 19,917 B 19,917 0 227,666 5,484 19,000
3/4 |1 eeedOeass| 19,917 B
3/4 |1 ss5d0eese| 19,917 B
3/4 |1 Concrete.| 20,926 B
3/4 |1 eesd0sens| 22,875 B
3/4 |1 eeedOsees| 22,875 B 21,100 3,001 171,000 2,871 16,000
3/4 |1 s aldOawns| 22,875 B
3/4 |1 eeedOesasl 15,947 P

See explanatory notes at end of table.




TABLE A-1. — Axial tension test results: resin-steel ratio and resin
bolting systems—-Continued

Strength-related properties |Elastic
Size, in Medium |Ultimate |Failure | Ultimate load, 1bf|Stiffness, 1bf/in |limit,'
Bolt|Hele load, 1bf Average | Standard |Average | Standard 1bf

deviation deviation
POINT-ANCHOR BOLTS, 3/4-IN-DIAM ANCHOR--Continued
3/4 |1 Coalswsss| 195917 P
3/4 |1 eeedosaes| 21,937 P
3/4 |1 eeedoes.] 19,917 B 20,725 1,106 154,216 3,857 19,000
3/4 |1 vealOie os| 215937 B
Bid 11 seedOes ou| 195917 B
3/4 |1 Shale.... 7,938 P
3/4 |1 oo 5800 eoe| 135927 P
3/4 |1 eud0ss we| 11,979 P 12,948 4,462 97,116 15,214 9,000
3/4 |1 eoeedOeses| 19,927 P
3/4 |1 eseed0eess| 10,968 P
3/4 |1 Plaster.. 7,000 P
3/4 |1 s (o J 5,989 P
3/4 |1 PRI« o P 7,938 P 6,581 876 42,692 3,296 | 6,000
3/4 |1 PR o Lo gy 5,989 P
3/4 |1 vedOssos 5,989 P
TENSIONED FULL-COLUMN BOLTS

3/4 |1 Sandstone| 20,926 B
3/4 |1 esedOewes| 20,926 P
3/4 |1 sssdonese| 19,917 P 20,321 553 226,863 20,470 19,000
3/4 |1 eeedOeess| 19,917 B
3/4 |1 eeedoeess| 19,917 B
3/4 |1 Concrete.| 19,917 B
3/4 |1 eeedose.o| 19,917 B
3/4 |1 eeedoeass| 19,917 B 19,917 0 223,562 11,999 19,000
3/4 |1 sesdoees.| 19,917 B
3/4 |1 esed0esss| 19,917 B
3/4 |1 Coal.sssss| 19,917 B
3/4 |1 eeedossss| 19,917 B
3/4 |1 veedo.eas| 19,917 B 19,917 0 147,302 15,335 18,000
3/4 |1 eeedOesss| 19,917 B
3/4 |1 eeedOeass| 19,917 B
3/4 |1 Shale....| 19,917 P
3/4 |1 eesdossss| 19,917 P
3/4 |1 o5 9G0wese| 19,917 P 19,917 0 187,267 18,939 18,000
3/4 |1 esed0s was| 19,917 P
3/4 |1 vesdoses.| 19,917 P
3/4 |1 Plaster..| 16,958 P
3/4 |1 vesdOsess| 16,958 P
3/4 |1 eeedOsess| 15,947 P 16,150 1,317 116,849 3,850 16,000
3/4 |1 sendOs sus| 13,927 P
3/4 |1 eesdOeess| 16,958 P

B Broke. NAp Not applicable. P Pulled out.
'Average elastic limit for the entire system.
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TABLE A-2. - Axial tension test results: anomalies
(Concrete host medium)
. Strength-related properties 'Elastic
Anomalies Size, in |Ultimate |Fail- Ultimate load, 1bf|Stiffness, 1bf/in |limit,!
Bolt |Hole|load, 1lbf| ure |Average |Standard |Average | Standard 1bf
deviation deviation
Hollow bolt. | 3/4 | 1 23,885 B
3/4 1 22,875 B
3/4 1] 22,875 B 23,683 1,321 227,000 1,597 20,000
3/4 1 25,905 B
3/4 1 22,875 B
Voids:
Clayessoss | 3/4 i 19,917 P
Caulke.....| 3/4 1 24,895 P 23,236 2,878 242,008 98,932 20,000
Tapeesesee | 3/4 | 1 24,895 P
Debondable
holteeisnes | 34 1 20,926 P
3/4 1 22,875 B
3/4 1 21,937 B 21,919 805 252,613 43,511 20,000
3/4 1 21,937 B
Reduced mix-
ing time:
5-s mix...| 3/4 1 20,926 B 20,926 NAp 265,295 NAp 20,000
3-s mix...| 3/4 1 19,917 B 19,917 NAp 238,805 NAp 20,000
2-s mix...| 3/4 | 1 3,969 P 3,969 NAp (%) NAp (%)
B Broke. NAp Not applicable. P Pulled out.

'Average elastic limit for the entire system.

’No strength-related properties owing to poor test results.



TABLE A-3. - Horizontal shear test results
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T Strength-related properties Elastic

Size, in Medium Ultimate (ltimate load, 1bf | Stiffness, 1bf/in limit,!

Bolt @ Hole load, 1bf| Average | Standard Average | Standard 1bf
deviation | deviation
RESIN-STEEL RATIO o o

578 1 CONCIeLerernssannansnnes 6,958 1)

5/8 1 evel0acsnsencnnssnnsrnca 12,922 } 8,946 3,443 30,224 5,516 6,000
5/8 1 veslO0uvonsassoassenannoans 6,958 ]

3/4 1 veelCusnsasscassovssnoos 16,898 7

3/4 1 voesl0aonsonsarsoncnnsnse 14,910

3/4 1 2e2d0cscravnvaonsosesans 14,910 |3»15,109 1,089 131,287 3,689 12,000
3/4 |1 veedOueecariasinnssacans | 13,916
3/4 |1 veodOnuvancannsosneenees | 14,910 )
3/4 1-3/8 | 4eef0eunncnsnvanrrsnoanan 14,910

3/4 1-3/8 | ceedOuensecncansoosssoes 14,910 15,141 574 115,901 4,328 12,000
3/4 1=3/8 | vsedOuvcsnevacsssssssnaan 15,904 |

3/4 | 1=1/2 | veedOsevanesnnennsasenss | 13,916 ?
3/4 1=1/2 | vead0cuvnvanonsonvonoass 13,916 | ;13,253 1,148 80,438 13,247 9,000
34 | 1-1/2 | veedOuveranesvnsanonsess | 11,928 |}

S/8 | 1-3/8 | cevdOurvenrannconanesans | 10,934 )
5/8 1-3/8 | seal0soneerosnsosassnuas 7,952 t 9,609 1,518 12,328 8,587 8,000
5/8 1-3/8 | vced0seenncnsssesanssaus 9,950

FULI~COLUMN BOLTS

3/4 |1 SandSEONesecosvosoaseses | 12,922
3/4 1 vssd0caensssvonconarnnss 11,928 z

3/4 1 B L T 12,922 y13,121 1,089 146,261 10,814 10,000
3/4 1 B < o 12,922
3/4 1 eesB0crcsonacasrasscnson 14,910 J
3/4 | 1 CONCLetesvssssvnsnsronnse 16,898
3/4 1 sesl0nroonnnnsnssrvessns 14,910 7
3/4 1 B o 14,910 FlS,lO? 1,089 131,287 3,689 12,000
3/4 1 cosd0ueerosanvascsoonsnonss 13,916 ‘
3/4 1 B o I 14,910 |)
3/4 1 CoBlevsnnasssnonnvovvane 9,940
3/4 1 cesd0ccasancnnsnnnnnnsen 10,934
3/4 1 seedOsesssoscssnnsnansane 10,934 10,139 832 50,931 8,898 8,000
3/4 1 2eed0ueeenrcannssnsonces 8,946
3/4 | 1 | sosdOusrsonnossassnnnnes 9,840 |
3/4 1 "Shaleceeneesa crerseneres 8,946 7
3/4 1 essl0sssnennconssnsonsas 6,958
3/4 1 sesd0asaanenssrarsansons 7,952 8,151 832 39,914 5,238 7,000
3/4 1 soedOsesnrsenssosassnnses 8,946 j
3/4 1 eesd0ssascnssosssnassnne 7,952
3/4 |1 Plasterlyesessocsossonnes 4,970 7
3/4 1 eesdO0senvsersonnonrensas 5,964
3/4 1 eeedOuusisoennononnernes 5,964 g 5,765 445 15,538 3,233 5,000
3/4 1 ses00asnnunsavssvsnccase | 5,964
34 1 v edOueversnusnsaverness | 5,064 J

POINT-ANCHOR BOLTS, 3/4~IN-DIAM ANCHOR

3/4 |1 SandSLonNesssccnscosnsons 15,904 o
3/4 1 eealO.vavavernssnsnsesse 13,904 1
3/4 1 eesd0venserannenccsovons 12,922 15,506 1,507 178,732 16,785 10,000
3/4 |1 veedOuuesisrarnssansaens 16,898
374 1 veedOueveanasnnsonsoanas 15,904 )

TAverage elastic limit for the entire system.



TABLE A-3. - Horizontal shear test results——Continued

Strength-related properties Elastic
Size, in Medium Ultimate Ultimate load, Llbf | Stiffness, 1bf/in limit,'
Bolt | Hole load, lbf| Average | Standard Average | Standard 1bf
deviation deviation
POINT-ANCHOR BOLTS, 3/4—IN-DIAM ANCHOR-—Continued
3/4 1 Concreteeseescscssasassas 14,910
3/4 1 o 55O « sie @ viie 8 80 9 8 @ wie w wze m 14,910
3/4 1 o 00 0Oa ¥ 0.6 5 ois w65 96 % 618 W TR W 17,892 15,904 1,217 120,000 18,442 14,000
3/4 1 Ted0% S e e s eTehs, 4% 15,904
3/4 1 o 550l @ ais @ 08 0 00 10 % wim w mim 15,904
3/4 1 COALis s 553 o 0w w10 10 w70 0 mis @ ww 10,934
3/4 1 o5 w00 @ e w6 a0 e e W 10,934
3/4 1 eeedOeeasasasssacnsancns 9,940 11,530 1,334 59,960 6,309 10,000
3/4 1 siedOnssmesmeimusmsmwesse 12,922
3/4 1 v s 0% disie v oe mhemaE e v e 12,922
3/4 1 Shales eas sios v wim e imsees 8,946
3/4 1 O G T e e T 9,940
3/4 1 sve 0% wra o 5 wis ws ) 5w rers e 9,940 10,139 1,089 55,503 8,151 8,000
3/4 1 oro O s 5 5 B A R W S e s 9,940
3/4 1 ve0000 orenaneisivasiomesis 11,928
3/4 1 Plasterseeeccssssenassas 6,958
3/4 1 wis 6O ainie o wwis woswowssns 5,964
3/4 | sos 50 5.4 1o wie a6 @ Be e o e o 5,964 6,958 152k 7 42,937 4,529 5,000
3/4 1 el T T T T T T SR § 6,958
3/4 i acs 50 0's: a0 = 98 3 ois ) aiw wie 19 wis B 8 8,946
TENSIONED FULL-COLUMN BOLTS
3/4 il SandStoONEsssssssssnsenaes 12,922
3/4 i vio o0 winmwnw s aism e e oimas 16,898
3/4 1 wia o 0% 66 % b o 4w W ¥ A0 9 o 14,910 14,711 1,474 136,533 16,693 13,000
3/4 1 wiw 08 0ie; g0 0 sim i aim o0 m e mpieme 14,910
3/4 1 aie 6 Q0% 516 5 ors % 518 @ 06 08 @ s @ 13,916
3/4 1 ConcCretes s vsiwvesomsome s 20,875
3/4 1 aow w000 o w6 wa e wie v e @ el @ 8 17,892
3/4 1 ws2d0eenesecsinisnssvisoss 19,881 17,892 2,535 94,383 14,951 15,000
3/4 1 et 90 B0 0 wieim wein ae e ave v 0w 14,910
3/4 1 savd0simwimaswvinsee ey 15,904
3/4 1 Coala con o vineiosomenes 8,946
3/4 1 e O g 0 e S R T B cw 8,946
3/4 1 o5 60 wps w58 w5 5.0 wiie 50 90 101w - 11,928 9,741 1,296 41,648 6,255 9,000
3/4 1 o5 6010 aie s o5 @ oe @ e @ Bie waE e 9,940
3/4 1 v io w00 gio 6 Win 1 s w0 we o ade ¥ 8,946
3/4 1 Shale..eaas i Emis el Hes e 7,952
3/4 1 < o R R Y 8,946
3/4 1 sesldOiswanmesvinsimasees 8,946 8,747 445 27,296 3,825 8,000
3/4 1 saredGuas wa oA e e 8,946
3/4 1 oo 9 A0 o w05 0w wiw @ wve w; vew wia 8,946
3/4 1 Plagter s e w e s ous wis s o1s 0 s 3,976
3/4 1 suidOciwwamoonaieeieessse 5,964
3/4 1 eesd0veessscocecoennnnns 6,958 5,368 1,133 22,778 7,464 4,000
3/4 1 s % 005 & o 418 @ 99 ;08 W W 2 Wi 4,970
3/4 1 o o B0 5w 0 e B e e 6 e 4,970

TAverage elastic limit for the entire system.
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